The activities of 3-hydroxy-3-methylglutaryl-CoA reduc tase [EC 1.1.1.34] in the livers of pyridoxine-deficient and control rats were compared. The reductase activity, which is known to show a circadian rhythm, was about twice as high in pyridoxine-deficient rats during both the light and dark periods. After administration of cycloheximide the rate of decrease in reductase activity was similar in pyridoxine-deficient and control rats. The Km values from the two groups for DL-GMH-CoA, the heat stabilities and the microsomal lipid compositions were also similar. The effects of cytosolic activator and inactivator proteins on the reductase activities were also similar. These results show that the increased activity in pyridoxine-deficient rats is due to increased enzyme synthesis or increased specific activity induced by some unknown mechanism, but not to change in the state of phosphory lation of the enzyme.
We previously reported that when rats were fed on a high-protein pyridoxine deficient diet, triglycerides and cholesterol esters accumulated in their livers (1) . The accumulation of triglyceride seemed to result from either impaired release of hepatic triglycerides into the plasma or their decreased hydrolysis in the liver (2) . On the other hand, our experiments suggested that the accumulation of cholesterol esters was due to their increased synthesis (3). Lupien et al. have reported increased incorporation of 14C-acetate into cholesterol in pyridoxine deficiency in vivo (4) , and in vitro (5), although they do not recognize any increase in the hepatic cholesterol content in pyridoxine-deficient rats. We also observed incorporation of 14C -linoleic acid into cholesterol in the livers of rats fed on a 70% casein pyridoxine-deficient diet (3) , and increased incorporation of 14C-acetate into cholesterol in liver slices from these animals in vitro (6) . However, it was uncertain whether cholesterol synthesis increased in the liver of these pyridoxine-deficient rats, because the pool size (7, 8) of the precursors in control and deficient rat livers were not estimated precisely.
In the present work, studies were made on changes in the activities of 3-HMG -CoA reductase [EC 1.1.1.34], a rate-limiting enzyme in cholesterol synthesis, and the regulation of this enzyme in pyridoxine-deficient rat liver.
MATERIALS AND METHODS
Animals. Male Wistar strain rats were purchased from Kiwa Experimental Animal Laboratories. Rats weighing 50 to 60 g were given a 70% casein diet ad libitum for 4 to 5 weeks. The composition of the diet was as described previously (3) . Rats were housed individually in a room under strict lighting conditions (lights on from 8 a.m. to 8 p.m.).
Chemicals. Preparation of liver homogenates and microsomes. Rats were killed by decapitation at 10a. m. or 2a. m. The livers were removed and homogenized in 4 volumes of 0.05 M triethanolamine-HCl buffer containing 0.25M sucrose, 0.01M EDTA and 0.01M 2-mercaptoethanol at pH 7.3 in a homogenizer with a loosely fitting pestle (10). The homogenate was centrifuged at 12,000g for 15 min to remove mitochondria and cellular debris, and the upper one-half of the supernatant was recentrifuged at 100,000g for 60 min. The resulting microsomal pellet was suspended in the same buffer and recentrifuged for 60min at 100,000g. Then, the microsomes were suspended in 0.1M triethanolamine-HCl buffer containing 0.02M EDTA and 0.01M 2-mercaptoethanol at pH 7.3 (buffer A). Preparations of inactivator and activator. Cytosol inactivator was prepared from the 100,000g supernatant by ammonium sulfate fraction . The precipitate with 40% saturation of ammonium sulfate was dissolved in 0.1M triethanolamine-HCl buffer containing 0.001M EDTA and 0.01M 2-mercaptoethanol at pH 7 .3 (buffer B), dialyzed overnight against buffer B and used as the inactivator of HMG-CoA reductase. A preparation of the cytosolic activator was obtained by adjusting the 100,000g supernatant to 40% saturation of ammonium sulfate and dialyzing the resulting precipitate overnight against buffer A. pyridoxine-deficient rats and control rats showed a circadian two-fold variation in reductase activity, but the reductase activity in pyridoxine-deficient rats was twice as high as that of the controls both during the day and at night.
Correlation between liver content of cholesterol ester and HMG-CoA reductase activity in pyridoxine-deficient rats We previously reported an increase in the contents of triglyceride and cholesteryl ester in the livers of rats fed on a high-protein pyridoxine-deficient diet (2, 3) . The accumulation of hepatic cholesterol ester in pyridoxine-deficient rats could be caused by increased HMG-CoA reductase activity. Therefore, we examined the relation between the hepatic content of cholesterol ester and the HMG-CoA reductase activity in pyridoxine-deficient rats. Figure 1 shows that there was no correlation between them. Administration of cycloheximide resulted in 40% and 50% inhibition of incorporation into total proteins and the 100,000g supernatant protein, re spectively, in both pyridoxine-deficient and control rats (Table 3) . (Table  4) .
Analysis of microsomal lipids
The concentrations of microsomal cholesterol, cholesterol esters and phospho lipids were similar in pyridoxine-deficient and control groups (Table 5) . Effect of pyridoxal phosphate on HMG-CoA reductase activity It seemed possible that pyridoxal phosphate might affect reductase activity. However, as shown in Table 6 , added pyridoxal phosphate (10-6-10-4) did not affect the activity of enzyme preparations from either group.
Activities of mixtures of microsomas from pyridoxine-deficient and control livers
Next we examined whether the microsomal fraction prepared from pyridoxine-deficient rat liver contained any substance which might affect reductase activity. For this, microsomes from pyridoxine-deficient and control rats were mixed, and this reductase activity was measured (Table 7 ). The activities of the two preparations were additive, indicating that no specific substance influencing reductase activity was present in the preparation from pyridoxine-deficient rats.
Inactivation of microsomal HMG-CoA reductase by cytosol Incubation of unwashed microsomes from pyridoxine-deficient or control rats in the presence of 4mM MgC12 and 4mM ATP resulted in a 40% inhibition of activity in both cases. Further addition of the cytosolic fraction [0-40% (NH4)2SO4] increased the inhibition to 80% (Table 8) .
Activation of microsomal HMG-CoA reductase by cytosol
Incubation of microsomal HMG-CoA reductase with the 0-40% (NH4)2SO4 fraction of cytosol resulted in 190% (pyridoxine-deficient rats) and 160% (control Table 8 .
Effects of Mg2+-ATP and cytosolic inactivator on HMG-CoA reductase activity.
Microsomes from 4 rats were pooled for assays. Results are shown in pmoles/min/mg protein. Table 9 .
Effect of cytosolic activator on HMG-CoA reductase activity.
Microsomes from 4 rats were pooled for assays. Results are shown in pmoles/min/mg protein. rats) increases in HMG-CoA reductase (Table 9) . In both cases, the activation was maximal when almost equal amounts of cytosolic and microsomal proteins were used (Fig. 3) . Thus the extents of activation of the reductase from the pyridoxine deficient and control groups were very similar.
DISCUSSION
We previously reported the accumulation of cholesterol esters and increased cholesterogenesis in the liver of pyridoxine-deficient rats (3, 6). As described in this paper, we compared the HMG-CoA reductase activities in the microsomal fractions of pyridoxine-deficient and control rats to see whether the increased cholesterogenesis in deficient animals was due to increased reductase activity. HMG-CoA reductase catalyzes the rate-limiting reaction of hepatic cholestero genesis (15-36), and is located in the outer cytoplasmic surface of the endoplasmic reticulum (16). HMG-CoA reductase activity in pyridoxine-deficient rats was about twice that in control rats both in the day time and at night (Table 1) . Therefore, the increase in cholesterogenesis in pyridoxine-deficient rats might be due to HMG CoA reductase. There was no correlation, however, between the liver content of cholesterol esters and the HMG-CoA reductase activity in pyridoxine-deficient rats (Fig. 1) , and this relation was not affected by the food intake of the pyridoxine deficient rats (data not shown). Therefore, the increase in HMG-CoA reductase activity in pyridoxine-deficient rats does not seem to result in an increase in the hepatic cholesterol ester content. The elucidation of other factors that might be concerned in the accumulation of cholesterol esters in the livers of pyridoxine deficient rats would require determination of both cholesterol esterification and hydrolysis of cholesterol esters accumulated in the liver.
We investigated the mechanism of increase in HMG-CoA reductase activity in pyridoxine-deficient rats. Reductase activity is regulated both by alteration in the amount of enzyme protein and by modulation of its catalytic activity. The amount of HMG-CoA reductase protein is regulated by alteration in its rate of synthesis (19) (20) (21) (22) . For example, change in the amount of enzyme accounts for the circadian change in activity in rat liver (19), changes during long-term cholesterol administration (20), cholestyramine feeding (21), and administration of serum lipoprotein (22). We examined the decay of HMG-CoA reductase after adminis tration of cycloheximide. The results showed that the rates of decrease in enzyme activity were similar in pyridoxine-deficient and control rats ( Table 2 ). The rate of synthesis of hepatic protein was not affected by pyridoxine deficiency, and furthermore cycloheximide inhibited protein synthesis to the same extent in pyridoxine-deficient and control rats without affecting the cholesterol content (Table 3) . Thus the increase in reductase activity in pyridoxine-deficient rats is not due to decreased degradation of the enzyme protein.
Regulation of catalytic efficiency occurs in rat liver after short-term administration of cholesterol (20, 23), oxygenated cholesterol (24) or cholesty IN PYRIDOXINE DEFICIENCY 11 ramine (21, 23) and during weaning (25) . Mitropoulos et al. (23) reported that the Km value of the enzyme in microsomes from rats fed on a 5% cholestyramine diet was eight times that in the microsomes from rats fed on a standard diet. On the other hand, Higgins et al. (21), using a specific antibody, observed a high specific activity of the enzyme protein in cholestyramine-fed rats. We compared some properties of reductase preparations from pyridoxine-deficient rats and control rats. We could detect no difference in the Km values, or heat-stabilities, of the two preparations (Fig. 2 , Table 4 ). The reductase activity might be affected by some compound in the enzyme preparations. Microsomal cholesterol (26) and phospho lipids (27) are known to influence reductase activity, but the cholesterol and phospholipid contents of the microsomal fractions from pyridoxine-deficient and control rats were similar (Table 5 ). Pyridoxal phosphate is also known to regulate several enzymes (28) (29) (30) (31) , but this compound had no effect on reductase prepara tions from pyridoxine-deficient or control rats (Table 6 ). To determine whether some unknown regulator was present in the microsomal fractions, we mixed the preparations from pyridoxine-deficient and control rats and determined the activity of the mixture. Results showed that the activities were additive (Table 7) . These results show that the increased reductase activity in pyridoxine-deficient rats cannot be explained by a different level of some regulator. It was recently reported that HMG-CoA reductase might exist in catalytically active and inactive states, the interconversion of which is due to dephosphorylation-phosphorylation mediated by two cytosolic factors (32-36). Beg et al. (32) showed that rat liver microsomal HMG-CoA reductase activity decreased greatly when Mg2+-ATP and cytosol protein were added to the preincubation medium. Ingebritsen et al. (35) showed that the activity of rat liver microsomal HMG-CoA reductase inactivated with Mg2+-ATP was fully restored by the addition of purified liver cytosolic phosphorylase phosphatase.
This activation-inactivation is not accompanied by changes in the Km value for HMG-CoA or by a gross change in molecular weight (36) . We prepared cytosolic inactivator and activator proteins from pyridoxine-deficient and control rats, and examined their effects on the enzyme activity. The extents of activation and inactivation of the enzyme by the activator and inactivator proteins, respectively, were similar in pyridoxine-deficient and control rats, indicating that the increased activity in pyridoxine-deficient animals is not due to a change in phosphorylation dephosphorylation of the enzyme protein (Tables 8 and 9, Fig. 3) .
From the results obtained in the present experiments, the increase in the reductase activity in pyridoxine-deficient animals can be explained in two ways. If the increase in activity is due to increased enzyme protein in pyridoxine-deficient animals, the increase can be explained as being due to increased synthesis of the enzyme protein. If the increase is not due to increased enzyme protein, it must be due to an increase in specific activity by unknown mechanism, as observed in cholestyramine-fed animals (21). Results in this laboratory showed that in pyridoxine-deficient rats the composition of bile acids was abnormal and the turnover of cholesterol was increased (Iwami and Okada, unpublished data). The increased reductase activity might be related to these abnormalities.
No direct evidence, however, was obtained from the present experiments and further study will be necessary to support this supposition.
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